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Background Non-intrusive measurements of crater 
growth at low impact velocities (<300m/s) [1] and par- 
ticle ejection velocity at higher impact velocities (800- 
2500m/s) [2] indicate that the rates at which a crater shape 
grows and ejecta particles are launched appear to change 
with increasing impact velocity. This is at odds with the 
point-source assumption of the scaling relationships typi- 
cally used to assess cratering on asteroids and planets [3- 
5], which states that early coupling between the projec- 
tile and target should have no influence on the normal- 
ized rates of crater growth and particle ejection as long 
as identical projectile and target materials are considered. 
Likewise, the diameter-to-depth relationship of the tran- 
sient crater when excavation ceases should show no de- 
pendence on initial coupling, unlike that observed in [1]. 

The discrepancy between the scaling rules and the ex- 
periments of [1] has been attributed to the low impact 
velocities (<300m/s) investigated, which are insufficient 
to cause the projectile to fail. Instead, the projectile in- 
teracts with the target through a combination of stress 
waves and friction. The slow frictional deceleration of the 
projectile yields a longer interaction time between pro- 
jectile and target, violating the point-source assumption. 
The low impact velocities causes a slow decay in crater 
growth, and permits greater projectile penetration yield- 
ing greater transient crater depths relative to their diam- 
eters. As impact speeds increase (but still remain low), 
more rapid frictional deceleration of the projectile leads 
to point- source like conditions, with more rapid decay of 
crater growth and shallower depths. 

In the case of the experiments discussed by [2], the 
discrepancy between the scaling rules and the pre- 
sented results have been attributed to numerous factors. 
These include the low impact velocities considered (800- 
2500m/s), where shock effects begin to dominate the cra- 
tering processes (the sound speed of this type of target 
material will be around 150-300m/s [6]), but where some 
frictional and fragmentation processes remain important 
[7]. Lurthermore, the targets used in these investigations 
are composed of coarse, angular grains that are only ~2x 
smaller than the projectiles. Complex shock interactions 
would be produced as a consequence of such impact con- 
ditions that probably influence the observed results [8]. 

Most planetary collisions occur as hypervelocity impacts, 
where the projectile velocity significantly exceeds the 
sound speed of the target and the projectile completely 


fails on impact. Lurthermore, crushing of material near 
the impact point is anticipated to yield much better cou- 
pling between the projectile and target. The point- source 
assumption should be satisfied for such hypervelocity im- 
pacts. Schultz [9], however, provides experimental evi- 
dence that, much like in the low velocity experiments of 
[1], the point-source assumption of the crater scaling rules 
might not be fully satisfied for these hypervelocity im- 
pacts. The time a projectile interacts with the target could 
influence the cratering process, but for a different physi- 
cal reason. Here, shock processes rather than friction and 
stress waves might control how and when the projectile 
transfers its energy to the target. Under low hypervelocity 
conditions (<3km/s), the projectile and target will inter- 
act for longer periods of time than at higher hypervelocity 
conditions (>3km/s). The longer interaction yields more 
cylindrical rather than hemispherical shock waves, which 
are likely to decay more slowly than their hemispherical 
counterparts. The longer interaction also allows greater 
penetration relative to the transient crater diameter when 
excavation ceases. 
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Figure 1 . Schematic illustrating the experimental setup used at 
the NASA Ames and University of Tokyo Vertical Gun Ranges. 



Objectives: We performed vertical hypervelocity impacts 
(0.5-6 km/s) at the NASA Ames Vertical Gun Range to 
evaluate if increasing impact velocity, which alters the 
coupling time between the projectile and target, might 
change the rates of crater growth and transient crater 
shape. Easily broken, 6.25mm Pyrex projectiles are 
launched with these velocities into 3 5 0/1 m glass spheres 
nearly identical to those employed in the low velocity 
studies of [1]. Measurements made include the rates of 
crater growth and the aspect ratio of the transient craters. 
We used the same non-intrusive laser sheet technique em- 
ployed (Figure 1) during the low velocity study, where 
laser profiles centered at the impact are monitored through 
time using two high-speed (2000 f/s) cameras (Figure 2). 
We also undertook additional low impact velocity studies 
at the Univ. of Tokyo Vertical Gun Range (<300m/s) to 
confirm our previous data [1], using the much improved 
high-speed cameras now available at that facility. The 
same 350 jUm glass beads used at Ames were employed 
here, rather than the 220 / 1 m spherical grains used in [1]. 
Because of the superior cameras and brighter lasers cur- 
rently available at NASA Ames and U. Tokyo, it was pos- 
sible to observe the impacts with the ambient lights on, 
so that the position of the laser sheet relative to the crater 
center could be verified throughout the cratering process. 
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Figure 2. Example showing crater profiles as a function of time 
(frame number) acquired at 2000 f/s for a 6.25mm projectile 
launched into 350jUs glass beads at 1.32km/s at NASA Ames. 

Results and Implications: Figure 3 shows preliminary 
results of the changes in /i with impact velocities. The 
parameter /i is equal to the inverse of the rate of crater 
growth. By the crater scaling rules [3], this parameter 
should equal the /l measured from relationships for crater- 
ing efficiency [5]. The results indicate that while the pro- 
jectile velocity is less than the sound speed of the target, 
the value of /i decreases with increasing impact veloc- 
ity, thereby violating the point-source assumption of the 
crater scaling rules. However, once the projectile veloci- 
ties exceed the target sound speed, no systematic changes 
in /i are observed with increasing velocity, and the scal- 
ing rules are satisfied. The value of /l, however, remains 
smaller than that measured by cratering-efficiency rela- 
tionships for the targets used in this study. The prelimi- 
nary results for depth-to-diameter ratio (Figure 4) of the 


transient crater formed by hypervelocity impact do seem 
to decrease with increasing impact speed contrary to the 
self- similarity relations implicit to the point- source ap- 
proximation. If additional analyses confirm this result, it 
could have implications for crater modification at plane- 
tary scales where large variations in impact velocity might 
exist, or when the morphology of craters are compared 
that form at similar gravitational accelerations but dissim- 
ilar impact velocities (e.g., on Mars versus Mercury). 



Figure 3: Preliminary results showing changes in the efficiency 
parameter /i = l/(rate of crater growth) with impact velocity. 
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Figure 4: Preliminary results showing changes in the transient 
and final diameter-to-depth ratio of craters with impact velocity. 
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